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[57] ABSTRACT 

A solid state noncontacting mechanically actuated key¬ 
board type switch and interconnecting networks for 
switch arrays are described herein. The basic switch is 
a balanced or differential transformer element with a 
movable magnetic core, or shorted turn, actuator which 
is inserted through one-half of the transformer element, 
one primary-secondary pair, causing the transformer to 
change from a balanced or “off” state to an unbalanced 
or “on” state. The single turn coils that make up the 
differential transformer element lie in a plane, and in 
one embodiment of this invention the primary coils and 
their interconnecting network are printed on one side of 
a doubled sided printed circuit board, and the second¬ 
ary coils and their interconnecting network are printed 
in proper alignment on the opposite side. A hole is 
provided through the printed circuit board for each 
transformer element for insertion of a magnetic actua¬ 
tor. Also described is a two dimensional X-Y switch 
matrix and a three dimensional X-Y-Z switch matrix, 
for facilitating electronic scanning of the keyboard for 
implementing encoding, multikey rollover, etc., tech¬ 
niques. 

12 Claims, 18 Drawing Figures 
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SOLID STATE NONCONTACTING KEYBOARD 
EMPLOYING A DIFFERENTIAL TRANSFORMER 
ELEMENT 

BACKGROUND AND SUMMARY OF 
INVENTION 

I his invention relates to a solid state noncontacting 
keyboard employing a differential transformer element 
and more particularly to a keyboard having a movable 


the center of one primary-secondary pair for insertion 
of the magnetic actuator. The switch assembly or mech¬ 
anism containing the switch keytop, magnetic core, etc., 
is then mounted directly above the differential trans- 
5 former coils. The network which interconnects the 
secondary coils is printed on the printed circuit board at 
the same time as the coils. The primary coils and inter¬ 
connecting network are printed in the same manner. 

In the preferred embodiment the keyboard switch 
10 array is interconnected and organized into an X-Y ma- 


actuator for changing the mutual inductance in the trix in which the primary coils are arranged into col- 

primary and secondary windings of the differential umns or drive lines along an X axis, and the secondary 

transformer element. coils are arranged into rows or sense lines along a Y 

In the prior art, keyboards that were used typically in axis. This matrix can then be scanned by conventional 
computers, computer terminals, calculators, control 15 means for encoding of switches and implementing vari- 
panels, telephone devices, etc., were of the mechanical ous multi-key rollover circuits, etc. When implementing 
types and more recently solid state noncontacting types. an N-Key rollover circuit employing the differential 
The mechanical types suffered from mechanical wear, transformer type switch, diodes for isolation purposes 

corrosion of contacts, etc., which limited their useful are not required as is often the case with this type cir- 

life and reliability. The solid state types, which were 20 cuit. The differential transformer type switch is a self- 
generally of the electromagnetic, capacitive, photoelec- contained and independent type switch, and does not 
trie or Hall Effect types, suffer from various problems require another switch, external components or cir- 
including high cost, marginal performance, power con- cuitry to maintain its balance or perform its function, 
sumption, susceptibility to environmental factors, and 

sometimes reliability. The switch concept described in 25 DETAILED DESCRIPTION OF THE 

this invention represents an advancement in the art of DRAWINGS 


keyboard switches in terms of improved performance 
and reliability, and reduced cost. 

The instant invention includes an X-Y matrix and in 
connection with this matrix, each switch embodies a 30 
differential transformer. The basic advantages of this 
switch concept, stem from its simplicity, its very low 
cost, high reliability, and due to the high degree of 
transformer balance that can be maintained on a printed 
circuit board, a high degree of switch performance in 35 
terms of a high on/off ratio or dynamic range is pro¬ 
vided. 

The prior art did not appreciate the structure, func¬ 
tion or advantages of the instant invention. For exam¬ 
ple, in U.S. Pat. No. 3,668,697, the switch requires a 40 
network or element external to the switch to maintain 
its balance. Other U.S. Patents which deal generally 
with the subject but fail to indicate the instant invention 
include Nos. 3,573,369, 3,740,746, 3,745,536 and certain 
of my U.S. Patents such as Nos. 3,612,241, 3,638,221, 45 
3,638,222, 3,698,531, 3,825,909, 3,836,910and 3,918,051. 

In the preferred embodiment of the present invention, 
the keyboard is comprised of an array of differential 
transformer switches, each switch consisting of four 
identical printed circuit coils, a switch assembly incor- 50 
porating a switch stem, a return spring, a magnetic core 
and a key top. When a keyswitch is depressed the mag¬ 
netic core will be positioned in the center of a primary¬ 
secondary coil pair, one half of the differential trans¬ 
former element, changing the differential transformer 55 
from a balanced or “off’ state to an unbalanced or “on” 
state. The two primary coils of the differential trans¬ 
former element are connected in series opposing and the 
secondaries in series aiding. When a signal is applied to 
an undepressed switch the signal will not appear at the 60 
output terminals of the switch, since the differential 
transformer is in a balanced state. Depressing the switch 
unbalances the transformer permitting a drive or excita¬ 
tion signal to be coupled through to the output termi¬ 
nals of the switch. The two primary coils are printed on 65 
one side of a printed circuit board and directly opposite 
on the other side of the board are printed the secondary 
coils, with a hole provided through the board through 


The drawings feature all generally schematic eleva- 
tional views, some however being partially in section 
where it is helpful to understand the details of the inven¬ 
tion. 

FIG. 1 shows a basic switch element using a ferrite 
core in the balanced or “off’ state; 

FIG. 2 is a basic switch element in the unbalanced or 
“on” state; 

FIG. 3 shows a basic switch element using a shorted 
turn actuator in the balanced or “off’ state; 

FIG. 4 shows a basic switch element using a shorted 
turn actuator in the unbalanced or “on” state; 

FIG. 5 shows a schematic drawing of a basic switch 
element using a ferrite core; 

FIG. 6 shows a schematic drawing of a basic switch 
element using a shorted turn actuator; 

FIG. 7 shows a switch actuator which combines a 
magnetic core and a shorted turn; 

FIG. 8 shows a double core actuator; 

FIG. 9 shows a “U” shaped core actuator; 

FIG. 10 shows a wireform type differential trans¬ 
former element; 

FIG. 11 shows a secondary interconnection of an 
X-Y matrix; 

FIG. 12 shows the primary coil interconnections in 
an X-Y matrix; 

FIG. 13 shows an X-Y-Z matrix interconnection; 

FIG. 14 shows a module switch structure design; 

FIG. 15 shows a stem design utilizing a shorted turn; 

FIG. 16 shows a non-modular switch design employ¬ 
ing a magnetic core; 

FIG. 17 shows a non-modular switch design employ¬ 
ing a shorted turn actuator; and 

FIG. 18 shows a functional block diagram of a scan¬ 
ning type circuit. 

DETAILED DESCRIPTION OF INVENTION 
Basic Switch Element 

The basic switch element described in this invention 
is a differential electromagnetic transformer which can 
exist in either a balanced or in an unbalanced state. The 
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switch is so designed and structured that a switch actua¬ 
tion will result in changing the switch from a balanced 
“off' condition to an unbalanced or “on” condition. 
The differential transformer consists of tw'o identical 
simple transformers, i.e., a single primary winding and a 5 
single secondary winding transformer, with the primary 
windings interconnected in series opposing and the 
secondaries in a series aiding configuration. Under these 
conditions an excitation voltage applied to primary 
winding of the differential transformer will cancel out 10 
in the secondary windings or the output terminals of the 
transformer element, since the differential transformer 
is in a balanced state. To unbalance the differential 
transformer, the electrical characteristics of one of the 
two simple transformers involved is modified, i.e., their 1 
coupling is either increased or decreased. An excitation 
voltage then applied to the input or primary windings 
will not cancel out and a signal will appear at the output 
terminals of the switch. The advantage of a differential 
transformer over a simple transformer switch configu- 2 
ration is due to the fact that a high degree of balance can 
be obtained in a printed coil type differential trans¬ 
former, which translates to a switch with a high on/off 
ratio or dynamic range which is a desirable switch char¬ 
acteristic. This fact, plus the fact that printed coils are 2 
very inexpensive, results in a switch design that is rela¬ 
tively high in performance and low in cost. 

FIG. I shows a basic differential transformer switch 


4 

FIG. 7 shows an alternate switch design which mr s 

porates an actuator comprising a combined ferrite mag¬ 
netic core 31 and a shorted turn 32. The advantage of 
this design is that the range of minimum to maximum 
coupling for a simple transformer is increased as it 
moves in and out of a primary/secondary pair of coils as 
compared to either a magnetic core or a shorted turn 
alone. FIG. 8 shows a two core actuator comprising the 
cores 33 and 34, one for each primary/secondary pair. 
The two cores are asymmetrically positioned, but move 
together. There is a balance position for the core assem¬ 
bly, and when it moves from this position one core 
moves further into the coil and the other core moves 
further out. The advantage of this switch design is that 
the maximum rate of change in output signal occurs at 
balance or zero output, and can provide a more sensi¬ 
tive switch with reduced travel. 

FIG. 9 shows a simple transformer switch element in 
which the primary coil 36 lies in the same plane as the 
secondary coil 37, and a “U” shaped core 35 provides 
coupling between the two coils. This design provides 
for minimum coupling between a primary and a second¬ 
ary coil. FIG. 10 shows the transformer coils from two 
“wireforms," two secondary coils 41 and 43 in one 
wireform and two primary coils 40 and 42 in the other. 
The input connector pins 38 and the output connector 
pins 39 would either be inserted to a connector, or 
soldered to a printed circuit board. 


element consisting of a movable ferrite magnetic core 
21, two planar or flat primary coils 24 and 25, two 
planar secondary coils 22 and 23. The two secondary 
coils are connected in series aiding at 29, and the two 
primary coils 24 and 25 are connected in series opposing 
by means of a crossover at 27. An excitation voltage is 
applied to the primary coils at 26, and the output signal 
will appear at the secondary output at 28. FIG. 1 shows 
the switch in a balanced or “off’ state since the core 21 
does not affect windings 22 and 24. 

FIG. 2 shows the switch in an unbalanced or “on” 
state since the core 21 is in the center of coils 22 and 24 
magnetically linking these two coils, thereby increasing 
their mutual inductance and therefore their coupling. In 
FIG. 1, the voltage across each coil is equal but of 
opposite phase and therefore cancel each other. In FIG. 
2, the voltage across winding 22 has increased due to 
the increased coupling between windings 24 and 22, 
with the result that the two voltages do not cancel each 
other and a net voltage appears across the output termi¬ 
nals of the differential transformer at 28. FIGS. 3 and 4 
show a similar switch configuration except the mag¬ 
netic core 21 of the preceding views has been replaced 
by a shorted turn 30. The switch as shown in FIG. 3 is 
in a balanced state, and the switch as shown in FIG. 4 is 
in an unbalanced state since the shorted turn is now 
inside coils 22 and 24 In a shorted turn type sw'itch an 
unbalance is created by reducing the magnetic coupling 
between two windings rather than by increasing it by 
means of a ferrite core. The disadvantage of the use of 
a shorted turn as compared to a magnetically permeable 
core such as a ferrite core is the lower output that re¬ 
sults, all other conditions being equal. 

FIG. 5 is a schematic drawing of a differential trans¬ 
former switch element as shown in FIGS. 1 and 2 con¬ 
sisting of two simple transformers, and their intercon¬ 
nections in which the phasing of the various windings 
are taken into account. FIG. 6 is a similar schematic 
drawing of the shorted turn type switch shown in 
FIGS. 3 and 4. 


Interconnecting Network or Matrix 

The differential transformer switch described in this 
invention is well adapted to various switch matrix de¬ 
signs, which includes an X-Y type scanning matrix. This 
type matrix provides an efficient and effective means for 
encoding keyboard switches, and providing various 
forms of multi-key rollover functions. FIG. 11 shows 
the manner in which the secondary coils are intercon¬ 
nected and arranged into rows or sense lines along a Y 
axis, and FIG. 12 shows how the corresponding pri¬ 
mary coils are interconnected and arranged into col¬ 
umns or drive lines. The circuit shown in FIG. 11 is 
superimposed on the circuit shown in FIG. 12, but 
separated by a non-conductive substrate or insulated 
board, such that the secondary coils fall on top of their 
corresponding primary coils, i.e., secondary coil 44 on 
top of primary coil 46 and 45 on top of 47. This type 
structure is conveniently formed by printing the pri¬ 
mary coils on one side of a printed circuit board and the 
secondary coils on the opposite side of the printed cir ¬ 
cuit board. The secondary coils in a given row or sense 
line are connected in a series aiding configuration, and 
the primary coils in a given column or drive line are also 
connected in a series arrangement but with the currents 
in a given switch oppositely phased. FIG. 12 show's 
several circuit configurations which will provide oppo¬ 
sitely phased primary currents. 

FIG. 13 shows a three-dimensional X-Y-Z type ma¬ 
trix. This matrix is built by adding an additional second¬ 
ary pair to each switch and interconnecting the primary 
windings in series to form a Z axis 50. The Z axis is 
excited by a pulse generator 48 resulting in the excita¬ 
tion of a unique X and Y secondary line pair identifying 
the selected switch in a two-out-of-N coding format. 
Alternatively, the Z axis line is terminated by a sense 
amplifier 49 and the X lines scanned in response to the 
least significant bits of an address signal and the Y lines 
scanned in response to the most significant bits of the 
address signal. With the X and Y drive pulses phase 
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displaced with respect to one another double pulses will 
appear on the Z axis line identifying actuated switches. 

Construction of Transformer Coils and Interconnecting 

Network 5 

The transformer coils and their interconnecting net¬ 
work are constructed in a planar form, i.e., the coils and 
network lie flat in a plane. The purpose of constructing 
these circuits in this manner is that it allows for very 
low cost fabrication techniques to be employed, princi- 10 
pally printed circuit board and thick film screening 
techniques. An additional benefit from these techniques 
is that highly accurate and highly repeatable conductive 
patterns are provided which translates into highly bal¬ 
anced differential transformers and threfore switches 15 
with a high on/off signal ratio or dynamic range. 

The primary and secondary circuits lie in separate but 
parallel planes and generally as close as possible to one 
another. In a double sided printed circuit board design, 
the primary and secondary circuit patterns are printed 20 
on opposite sides of the same board. Thick film screen¬ 
ing techniques allow the two patterns to be screened on 
opposite sides of a board or on the same side. The paired 
primary and secondary coils lie on the same axis and 
holes are provided through the board centered on the 25 
paired coils as required for the insertion of a magnetic 
switch actuator. 

Other fabrication techniques can be employed. The 
various sense and drive lines, as an example, can be 
formed from conductive wires into “wireforms.” These 30 
wireforms can then be snapped into position at the base 
of appropriately designed switch housings. Instead of 
wireforms, thin metal strips can be punched to form the 
correct circuit patterns and similarly snapped into an 
appropriately designed switch housing. Wire wrapping 35 
is another available construction technique. Wires can 
be wrapped around the base of appropriately designed 
switch housings to form the coils, and then routed with 
wires to the next switch position to form the intercon¬ 
necting network. 40 

Switch Structure Design 

FIG. 14 shows a switch module design which con¬ 
sists of a keycap or button 51, a keystem 52 which 
moves in a vertical axis and incorporating a ferrite mag- 45 
netic core 54, a switch housing 55, a return spring 53, 
and a snap-in retainer 62. The switch housing 55 in¬ 
cludes snap in tabs 61 and snaps into a chassis 56, and 
guide pins 60 locate the housing 55 on the printed cir¬ 
cuit board 57. The printed circuit board 57 has primary 50 
coils 59 printed on the bottom side and secondary coils 
58 printed on the top side of the printed circuit board 
57. When the switch is actuated the button 51 is de¬ 
pressed thereby moving the switch stem 52 downward 
such that the magnetic core 54 is positioned inside the 55 
primary and secondary coils 58 and 59. FIG. 15 shows 
a keystem 63 which incorporates a shorted turn 64 in¬ 
stead of a magnetic core. 

FIG. 16 shows a non-modular switch design which 
consists of a common housing or base 66, switch key- 60 
top/stem combinations 65, return springs 67, magnetic 
cores 68, a spring retainer plate 71, and an attached 
printed circuit board 72, with printed circuit secondary 
coils 69, and primary printed circuit coils 70, a machine 
screw 73 for holding the assembly together. FIG. 17 65 
shows a similar design except that the switch button/- 
stems 65 incorporate shorted turns 74 instead of mag¬ 
netic cores. 


6 

Interface Circuitry For Electronic Scanning 

FIG. 18 shows an array of keyboard switches orga¬ 
nized into a two dimensional X-Y matrix, and interface 
circuitry for sequentially scanning through the switches 
in the matrix. This is a conventional and most effective 
means for encoding the switches and providing various 
multi-key rollover functions. The drive lines X] through 
X„ are sequentially scanned by current pulses from the 
binary to decimal converter 79 in response to the least 
significant bits of timing information contained in bi¬ 
nary counter 80, and the sense lines Yi through Y„ are 
scanned by the multiplexer 78, in response to the most 
significant bits of the same timing information. The 
basic timing information is provided by the binary 
counter 80 which is advanced by clock pulses. The 
output from the multiplexer 78 is a single channel signal, 
and an output pulse will appear for each keyswitch 
depressed in the matrix in each frame interval. A frame 
interval is defined as the period required to scan once 
through the matrix. Each output pulse from the multi¬ 
plexer 78 will occupy a unique time slot in the frame 
interval corresponding to a unique code from the binary 
counter 80. In order to store a code corresponding to 
the selected switch, the binary code from the binary 
counter 80 is coupled to a latch 81, and the signal from 
the multiplexer 78 will transfer the correct code at the 
proper time to the latch 81. 

The binary-to-decimal decoder 79 converts the bi¬ 
nary code to decimal outputs which are in turn coupled 
to current drive amplifiers 76. The sense amplifiers 77 
amplify the signals from the matrix before being cou¬ 
pled to the multiplexer 78. Differential inputs to the 
sense amplifiers 77 provide a means for coupling in a 
hysteresis feedback pulse, which is required by an ana¬ 
log switch such as the differential transformer type 
switch. Additional circuitry will be required in order to 
implement multikey rollover functions, where more 
than one keyswitch may be depressed simultaneously, 
and hysteresis. However, this circuitry is well known to 
those of ordinary skill in the art and will not be de¬ 
scribed in detail herein. 

I claim: 

1. A differential transformer switch comprising two 
primary windings which lie in a first plane and two 
secondary windings which lie in a second plane parallel 
and in close proximity to said first plane, said windings 
being positioned such that each primary winding is 
opposite to and aligned with one of said secondary 
windings to define first and second primary-secondary 
winding pairs, said primary windings being intercon¬ 
nected in said first plane and said secondary windings 
being interconnected in said second plane to form a 
differential transformer configuration wherein the out¬ 
put signal voltage from the interconnected secondary 
windings represents the difference in the magnetic cou¬ 
pling between said first and second primary-secondary 
winding pairs and a mutual inductance changing mem¬ 
ber which is movable from a position outside a common 
winding bore defined by one of said primary-secondary 
winding pairs to a position within said bore to effect a 
change in mutual inductance and hence the coupling of 
said one of said primary-secondary winding pairs with a 
resulting change in the balance of the differential trans¬ 
former and the signals coupled by the primary-second¬ 
ary winding pairs which signifies a switching operation. 

2, The switch of claim 1 comprising a circuit board 
having two substantially parallel surfaces with the pri- 
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mary windings being fixedly applied to one surface and 
with the secondary windings being fixedly applied to 
the other surface and in which the movable inductance 
changing member reciprocates within a circuit board 
aperture. 5 

3. The switch of claim 1 in which only one of the two 
primary-secondary winding pairs has a mutual induc¬ 
tance changing member. 

4. The switch of claim 1 in which each primary and 

secondary winding is a single turn. 10 

5. The combination of claim 1 in which the movable 
mutual inductance changing member is an electrically- 
conductive shorted-turn element concentric with the 
windings of the one primary-secondary winding pair. 

6. The combination of claim 1 in which the movable 15 
mutual inductance changing member comprises a mag¬ 
netically permeable core affixed to a shorted-turn ele¬ 
ment. 

7. A differential transformer switch comprising two 
primary windings which lie in a common first plane and 20 
two secondary windings which lie in a common second 
plane parallel and in close proximity to said first plane, 
each of said primary windings being associated with one 

of said secondary windings in an opposing adjacent 
relationship with one another on a common axis to 25 
define two primary-secondary winding pairs, said pri¬ 
mary windings being interconnected and said secondary 
windings being interconnected and electrically phased 
to form a differential transformer configuration wherein 
the output signal voltage from the interconnected sec- 30 
ondary windings represents the difference between the 
signals coupled by the two primary-secondary winding 
pairs, and a movable mutual inductance changing mem¬ 
ber which is movable relative to the common winding 
bore defined by one primary-secondary winding pair to 35 
effect a change in mutual inductance with a resulting 
change in the balance of the differential transformer and 
the signals coupled by the primary-secondary winding 
pairs which signify a switching operation. 

8. The switch of claim 7 comprising a circuit board 40 
having two substantially parallel surfaces with the pri¬ 
mary windings being fixedly applied to one surface and 
with the secondary windings being fixedly applied to 
the other surface and in which the movable inductance 
changing member reciprocates within a circuit board 45 
aperture. 

9. The switch of claim 7 in which the mutual induc¬ 
tance changing member is a pair of magnetic permeable 
members each of which reciprocates within an aperture 
located in the bore of a different primary-secondary 50 
winding pair, said magnetic permeable members being 
asymmetrically positioned relative to said first and sec¬ 
ond planes. 

10. A keyboard including a circuit board having two 
substantially parallel planar surfaces comprising: an 55 
array of differential transformer switches; each switch 
having a pair of flat primary windings which lie in a 


8 

common plane on one planar surface of the circuit 
board and a pair of flat secondary windings which lie in 
a separate plane on the second planar surface of the 
circuit board parallel to and in close proximity with the 
primary winding plane and with all windings positioned 
so that each primary winding is associated with a differ¬ 
ent secondary winding in an opposing adjacent relation¬ 
ship with one another on a common axis to define two 
primary-secondary winding pairs, said primary wind¬ 
ings and secondary windings being interconnected and 
electrically phased to form a differential transformer 
configuration wherein the output signal voltage from 
the interconnected secondary windings represents the 
difference in the excitations coupled from the primary 
windings, and a movable mutual inductance changing 
member which is movable from a position outside the 
common winding bore defined by one primary-second¬ 
ary winding pair to a position within said bore defined 
by a circuit board aperture to effect a change in mutual 
inductance with a resulting change in the balance of the 
differential transformer which signifies a switch opera¬ 
tion; and the array of switches being electrically inter¬ 
connected to form a two dimensional X-Y switch ma¬ 
trix by connecting the output terminals of the switches 
in row sense lines which have a unique position along a 
Y axis and by connecting the input terminals in column 
drive lines which have a unique position along an X 
axis. 

11. The keyboard of claim 10 in which each row 
sense line is formed by a series connection of all of the 
secondary windings of the switches in that row, and in 
which each column drive line is formed by a series 
connection of all of the primary windings of the 
switches in that column. 

12. An electrical switch comprising a transformer 
having a first primary winding which lies in a first plane 
and a first secondary winding which lies in a second 
plane parallel and in close proximity to said first plane, 
and a second primary winding which lies in said first 
plane and a second secondary winding which lies in said 
second plane, said windings being positioned such that 
said first primary winding is opposite to and aligned 
with said first secondary winding and said second pri¬ 
mary winding is opposite to and aligned with said sec¬ 
ond secondary winding, said primary windings being 
interconnected in said first plane and said secondary 
windings being interconnected in said second plane to 
form a differential transformer, and a mutual inductance 
changing member which is movable from a position 
outside a common winding bore aligned with said first 
primary and secondary windings to a position within 
said bore to effect a change in mutual inductance be¬ 
tween said first primary and secondary windings and 
the signals coupled thereby to signify a switching opera¬ 
tion. 

***** 
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